Introduction
The first eight elements of the periodic table, H, He, Li, Be, B, C, N, and O, can have significantly different observed abundances during stellar evolution, beginning with the first, longest lasting stage when hydrogen burns in the core of a star; this is the Main Sequence (MS) stage. They are often referred to as key elements, given their key role in understanding the evolution of stars. These elements are also interesting in that their primordial synthesis took place in the Big Bang and that observational data on the primordial abundance of their isotopes is available which can be compared with cosmological models.
     
These elements are listed in Table 1 , which, besides their atomic number, lists their most widespread isotope, ionization potential E ion , and solar abundance log (El) [1] . All of the concentrations are given relative to hydrogen, the most widespread element in the observed universe. log (El) is given here on the standard logarithmic scale, where it is assumed that log (H) 12.00 for hydrogen.
The author has already published reviews on helium and lithium, in which data on the observed abundances of He and Li (relative to H) in stellar atmospheres are summarized, and their consistency with the predictions of the theory of stellar evolution is examined [2, 3] .
Published data on the observed abundances for the light elements from Table 1 , as well as their theoretical interpretation, are very rich in the case of Li, C, N, and O, less numerous for He and Be, and rather sparse for B. On the whole, however, the material for discussion is so extensive that a detailed analysis of it would require writing a separate book. Thus, in this review, primary attention is devoted to just a few problems which are a mystery for the modern theory or, at least, still do not have a generally accepted explanation. * Helium lines are not observed in the sun's photospheric spectrum; the helium abundance given here corresponds t o t he average abundance in nearby young B-type stars [2] . We note t hat t he observed abundances of t he light elements discussed below were determined without the condition of LTE (local thermodynamic equilibrium), or at least where departures from LTE play a significant role.
Primordial abundance of the light elements

Calculations based on the SMBB.
Mysteries show up at the very beginning, in discussions of the consequences of the Big Bang. It is remarkable that all eight of the elements were originally synthesized in the Big Bang. Table 2 lists current data [4] on the primordial abundances of these elements based on the Standard Model of the Big Bang (SMBB). In the third column of the table these data are given in the form of the abundance
 
El log reduced to a logarithmic scale.
It is interesting that, as opposed to earlier work, where the SMBB predicted the synthesis of only five of the first light elements (H, He, Li, Be, and B), the modern data include primordial nucleosynthesis of C, N, and O, as well. Although the usual yield of these elements is very small (the combined CNO H ~ 710 16 ), even such a tiny abundance of t hese could play a decisive role in t he evolution of t he very first stars.
The highest yields in the Big Bang were of hydrogen, helium, and lithium. Observational data exist on the primordial abundances of the isotopes of these three elements: they are represented in the last column of Table 2 .
Here the relative abundance D/H of deuterium was determined from observations of intergalactic clouds of neutral hydrogen lying along the path of radiation from quasars with a large red shift, what is known as "damped Lyα systems" [5] . The primordial abundance of 4 He was determined from observations of H II regions in old dwarf galaxies with low metallicities [6] . The primordial abundance of 3 He was estimated from observations of H I regions in our galaxy [7] . Only the primordial abundance of lithium, more precisely of its more widespread isotope 7Li, was determined from stars -old FGK-dwarfs in the galactic halo [8, 9] . 10.932±0.005 [6] 7.04±0.08 [7] 2.2±0.1 [8, 9] 6 Li/H 1.23 10 It is significant t hat the value log (Li)  2.2 is smaller by 0.5 than the value of 2.7 predicted by t he SMBB.
This discrepancy has long been known, and all at t empt s t o eliminat e it by improving t he SMBB have been in vain.
In particular, Cyburt, et al. [11] , have recently obtained primordial abundances of 7 Li H  4.64810 10 and 6 Li H 1.28810 14 using current values of the nuclear reaction rates; these values correspond t o log  ( 7 Li)  2.67 and logε 6 Li = -1.89 on t he standard scale. They are essentially t he same as t he dat a of Table 2 .
Thus, the discrepancy of -0.5 dex between theory and observations for t he primordial abundance of 7 Li remains. As new data have been accumulated on the abundance of lithium in the atmospheres of old FGK-dwarfs in the galactic halo, the concept of a "lithium plateau" has undergone significant changes. The current distribution of logε(Li) with respect to T eff and [Fe/H] for these stars is shown in Fig. 2 ([3] , based on data from [12] ). The main change compared to Fig. 1 is that the "frozen" horizontal line at log ε (Li) ~ 2 has begun to "thaw," as if spilling in droplets (the downward arrows indicate that only an upper limit could be estimated for the the Li abundance). Here about a dozen of the stars have the lithium abundance logε(Li)  1.5. Table 2 shows that the observed abundances of the isotopes of hydrogen and helium, i.e., deuterium, 4 He, and 3 He, are in very good agreement with the SMBB calculations. The situation is utterly different for lithium: the observed abundance log( 7 Li)  2.2 is smaller than the theoretically predicted value of 2.7 by 0.5. Thus, data on the primordial abundance of lithium derived from observations of old stars in the galactic halo require a separate analysis. and -3, came t o be known as t he "lit hium plat eau" or t he "Spit e plat eau," based on t he name of t he two French astronomers who first discovered this phenomenon 35 years ago [10] . The first image of the "lithium plateau" from their paper is reproduced in Fig. 1 , where the abundances logε(Li) are plotted as a function of effective temperature T eff .
Lithium in old stars
Here a value of logε(Li) = 2.05±0.15 was found for the "lithium plateau," while the current value is logε(Li)=2.2 , as noted above [8, 9] .
a fairly limited range of metallicity -2.8 < [Fe/H] < -2.0, the stars, as before in Fig. 1 , are grouped near a "lithium plateau" with
Despite repeated attempts to solve the problem of the lithium abundance in old stars of the galactic halo, as before t wo important questions remain as mysteries for t he theory:
(1) why is there a discrepancy of 0.5 dex between the observed lithium abundance and the primordial abundance predicted by the SMBB?
(2) why do a significant fraction of the halo dwarfs have a lithium abundance significantly below the "lithium plateau?"
Until these questions are answered reliably, the lithium abundance problem for old stars cannot be regarded as solved. 
Rotation velocities of young stars
From the old stars in the galactic halo we proceed to the young stars in the thin disk. The evolution of these stars, including the evolution of the light elements in their atmospheres, depends both on a star's mass M and its initial rotation velocity V 0 . The importance of rotation became understandable during the transition from calculations with the traditional stellar models neglecting rotation to rotating star models [13] . The projection of the rotation velocity at the equator V along the line of sight, Vsini, is determined from observations. Note that for the transition from Vsini to V, it is necessary to take into account the fact that the average value of the random quantity sini equals π/4. [15] . Current data, especially for hot class O and B stars, can be used for a substantial reexamination of the representations of Vsini and V of stars in the MS stage available 30 years ago (for example, in Allen's handbook [15] ). In brief, they reduce to the following.
For stars in classes O and B (as opposed to previous representations), the fraction of stars with relatively slow rotation is large [16] [17] [18] . In fact, most early B-and O-type stars (more precisely about 70-80%) had low rotation velocities ~0-150 km/s at the beginning of evolution on the MS. Here a substantial fraction of them fell within a still narrower interval, 0-50 km/s. The number of these stars with relatively high rotation velocities from 150 to 300-400 km/s was small: ~20% for early B stars with masses M 4 19 M  and ~30% for late O-type stars with M 20 40 M  .
The lat er B-type MS stars and A-stars with masses M from 4 t o 2.5 M  have a bimodal distribution with peaks at 50 and 260 km/s with a full range of values of V from 0 to 300-400 km/s [16] . The late A-and early F-stars with masses M from 2.0 t o 1.6 M  had a unimodal distribution of t he velocity V wit h a peak at ~150 km/s [19] .
With further reduction in M, a rapid reduction in V is observed. A sharp drop in V from ~150 to 10 km/s has been detected for F-stars with
(dwarfs in subclass F4). We note that this phenomenon is associated with well-known "Li and Be dip" at T eff~6 600 K in old clusters, e.g., in the Hyades (see section 5.1). For less massive stars with
 on the MS, low rotation velocities <10 km/s are typical. Recall that the sun, a G2V dwarf, has a rotational velocity at the equator of V = 2 km/s [15] .
As will be seen in the following, these features of the rotation velocity distribution of young stars are important for interpreting the observed abundances of light elements, both for stars in the MS stage and for those in the subsequent AFG-supergiant stage.
The "helium/hydrogen" ratio
Helium, element number two in the periodic table is the second element after hydrogen in terms of its dispersion throughout the observed universe (in stars and gaseous nebulae). Two important quantities regarding helium have to be established. First, the primordial "helium/hydrogen" ratio (in terms of the number of atoms) is He/Hp = 0.082 (Table 2) and second, the current initial abundance of helium for young B-type MS stars in the vicinity of the sun is He/H = 0.098±0.003 [2] . The interstellar medium has been enriched in helium by roughly 20% over the lifetime of the galaxy and models of its chemical evolution show that this has been caused mainly by massive type II supernova explosions.
Data on the abundance of the dominant helium isotope 4 He are discussed in the following. The contribution of the other isotope 3 He to the abundance of helium is very small; e.g., for the sun It is known that in the MS stage the main source of energy for stars with masses M 2 M  is the CNO-cycle. In this state, hydrogen burns in the core of a star and is converted into helium; here the He/H ratio in the interior of a star increases strongly (toward the end of the MS stage, the hydrogen in the core of a star is almost completely converted to helium). It turned out that He/H can simultaneously increase in the atmosphere of early B-type MS stars. Evidence of this was obtained by the author 40 years ago [20, 21] , but then it was entirely unexpected for the theory. Later it became clear that the reason for the observed increase in He/H in the main sequence may be mixing induced by rotation of a star that leads to transport of products of the CNO-cycle (including helium) from the interior to the surface.
Fairly complete data on helium enrichment of the atmospheres of B-type MS stars were obtained by Lyubimkov, Rostopchin, and Lambert [22] in a non-LTE analysis of the helium abundance for 102 early B-type MS stars (two of which were chemically peculiar "He-weak" stars). The masses of the 100 stars subjected to further analysis ranged from 4 to 19 M  , and their observed rotation velocities Vsini, found [22] using the same six He I lines that were used to determine the helium abundance, ranged from 0 to 280 km/s. These data showed that during the MS stage, He/H increases with the age of the stars and this effect tends to increase with the mass M and rotation velocity. (Fig. 4) . For the first group, the increase in He/ H over the MS stage averages 28%, and for the second group an increase in He/H by more than a factor of two toward the end of the MS was observed. Two of the giants, HR 7446 and 7993, had especially high helium abundances,
He/H = 0.27 and 0.24, apparently because of their high rotation velocities (Vsini = 270 and 224 km/s, respectively).
As a whole, Figs. 3 and 4 seem to agree with the computational models for rotating stars. The theory predicts that the enrichment of the atmosphere in helium during the MS stage is greater for higher masses and rotation velocities of the stars. In terms of quantitative estimates, however, there is no agreement with the theory.
For example, current calculations [14] predict that for a model with = 500 km/s (0.9 times the critical velocity), the increase in He/H in the atmosphere will only be by 28%, which is inconsistent with the observed increase by a factor of two in He/H for stars with (Fig. 4) . In the meantime, as shown in section 3, most (~80%) of the early B-type MS stars with masses M 12 19 M  have relatively low rotation velocities of 0-150 km/s. It is important that the data of [22] are in full agreement with this conclusion; in fact, of the 100 stars studied there, 85 (i.e., 85%) have V sin i 150 km/s and 15 have Vsini > 150km/s, while only 8 stars have Vsini > 200km/s. But, according to calculations [14] , only for rotation velocities of 400-500 km/s is a noticeable increase in He/H in the atmosphere of a star possible.
Thus, there are some serious disagreements between the theory and the observations. The observational data on the increased helium abundance in the atmospheres of early B-type MS stars suggest that the theoretical models seriously underestimate the abundance of helium (the main product of the CNO-cycle) transported to the surface of a star by mixing. In other words, it can be assumed that the entrainment of helium starts at much lower rotation velocities than found in modern theoretical models. Calculations of mixing in the MS are needed both for isolated stars and for the components of close binary systems where, besides rotation, the tidal interactions of the components must be taken into account. This leads to the conclusion that beryllium and boron are much less sensitive indicators of evolution than lithium. This result is confirmed by observations, as well as theory. For example, model calculations [28] for a star with mass 12  M and an initial rotation velocity of 100 km/s showed that by the end of the MS the change in the lithium abundance in the atmosphere is -3.0 dex, for beryllium, -1.5 dex, and for boron, only -0.5 dex.
Helium in the atmospheres
There is a very rich literature on lithium, many fewer publications on beryllium, and comparatively few on boron (the latter require UV observations from space). These data yield some interesting conclusions.
Features of the abundances of lithium, beryllium, and boron in the atmospheres of FGK-dwarfs in
the galactic disk. The initial lithium abundance for stars in the thin disk in the vicinity of the sun is   2 3 Li log .   [3] . This is an order of magnitude greater than the "relict" value During evolution on the MS stages, the abundance of lithium in the atmospheres of dwarfs of spectral types F, G, and K changes substantially relative to the initial value, logεLi=3.2 . This process depends on the effective temperature T eff (i.e., in fact on the mass M) and on the age, specifically: the Li abundance decreases with age, and more rapidly so if T eff or M are lower. In particular, over the sun's lifetime t = 4.5 billion years, according to current estimates [1, 29, 30] listed in Table 4 , the abundance of lithium in its atmosphere has fallen by roughly a factor of 140 relative to the initial value logε(Li) = 3.2.
(Li) log Reference 1.05±0. 10 Asplund, et al. [1] 1.03±0. 03 Caffau, et al. [29] Figure 6 [26] shows the distribution of the Li abundance for FGK-dwarfs in the Hyades, along with (for comparison) the distribution for dwarfs in the younger Pleiades cluster (age ~100 million years). It can be seen that the trend in the Li abundance with decreasing T eff is less distinct in the Pleiades and the lithium dip is entirely absent.
Later, an analogous, but not so deep, drop for beryllium ("Be dip") was discovered for stars in the Hyades [32] . It is interesting that in the younger, open clusters of the Pleiades and a Per (t~100 million years), no Be dip was found, while in the Coma Ber = Mel 111 cluster (t~500 million years), a Be dip comparable in depth to the dip in the Hyades exists [33] . This implies that the Be dip, like the Li dip, shows up in MS stars with masses
for ages ranging from 100 to 500 million years. This stage is known to be accompanied by deep convective mixing (DCM), which leads to significant variations in the observed abundances of several light elements (recall that these kinds of changes can begin even in the MS stage if there was mixing caused by rotation). In particular, DCM causes an enhancement in the nitrogen abundance and a reduction in the oxygen abundance, while the abundance of lithium in an atmosphere may decrease to an undetectably low level. Here, as noted in [3] , the changes in the Li abundance during the DCM phase begin earlier than those in the abundances of C and N.
The anticorrelation between the abundances of nitrogen and oxygen in FGK-giants and supergiants has long been known; it is discussed in section 6.3. As for lithium, it does not show up at all in the spectra of most of these stars. Thus, there is little lithium in the atmospheres of these stars or it has burnt up completely. Current models of rotating stars explain this fact completely.
These remarks can be illustrated by data from Refs. 35 and 36. The first reported the lithium abundance for 55 FGK-supergiants and giants, while the second raised the sample size to 146. Figure 7 shows the lithium abundances logLi from these two papers as functions of mass M. The open symbols show the data [35] and the solid symbols, the data from [36] . The triangles represent an upper bound for logε Li (that is, the lithium line is not observed in the spectra of these stars).
These empirical data, as well as theoretical results, show that, in terms of the lithium abundance, FGK-  practically all the lithium should burn up, even before their entry into the red giant/supergiant phase. Figure 7 shows that two stars in this group, the supergiants HR 461 (K0 Ia) and HR 8313 (G5 Ib) for which lithium has been detected at a level of
, are in conflict with this theory. utterly atypical of FGK-giants, are actually observed in some Li-rich giants).
The hypothesis according to which a giant-planet is captured by a star is under active development. In particular, the consequences of the capture on a red giant of a planet with a mass up to 15 times that of Jupiter have recently been calculated [38] . It turns out that the lithium abundance on the star's surface can increase up to
(neglecting the "extra mixing" effect). Since this is clearly not enough to explain the lithium abundance in most Li-rich giants, the Cameron-Fowler mechanism has to be taken into account along with extra mixing.
Carbon, nitrogen, and oxygen
These three elements participate in the CNO-cycle, which is the main source of energy in stars with masses M  In order to solve the superionization problem for hot stars to study the abundances of C, N, and O in their atmospheres, it is necessary to shift to more realistic models of their atmospheres: this assumes a transition from planeparallel models to spherical models, as well as including stellar wind and the magnetic field that has been observed in a number of O-and B-type stars. In this regard, it is interesting to note that a magnetic field of ~100 G has recently been discovered [41] in the two B-giants with a strong UV excess mentioned above, b CMa and e CMa. [N/O], the ratio N/O normalized to the initial value (on a logarithmic scale), has been determined for 46 early MS stars [42] . The "nitrogen-carbon" anticorrelation for A-, F-, and G-supergiants has been known for over 30 years [43] .
This anticorrelation was qualitatively understandable: during the CNO-cycle 
Conclusion
This review examines the first eight elements of the periodic table, H, He, Li, Be, B, C, N, and O. It is noteworthy that all these elements were originally synthesized in the Big Bang. The primordial abundances of the isotopes of these elements calculated using the standard model of the Big Bang (SMBB) are given here. For the primordial abundances of the isotopes of hydrogen and helium (deuterium, 3 He, and 
